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The white root and butt rot of conifers caused 
by Fomes annosus, commonly called annosus root 
rot, is now widespread in the southeast United 
States and has received much attention since the 
mid-1950’s. By 1963 F. annosus had been found 
associated with dead or dying loblolly (Pinus 
taeda), slash (P. elliotii var. elliotii), or long- 
leaf (P. palustris) pines or eastern redcedar 
(Juniperus virginiana) in 40 of the 46 counties 
in South Carolina and in most of the southeast- 
ern states (W. Witcher, unpublished survey data) . 

This paper summarizes recent studies in the 
southeast United States, including some previ- 
ously unpublished results. Other more compre- 
hensive reviews were also published (122, 123, 
124). 

Because the prevalence of the disease was rec- 
ognized earlier in Europe than in the United 
States, much of the work before 1950 was done 
in Europe. Some European work involved stud- 
ies of soil fungi antagonistic to F. annosus (180, 
238). Studies of the same nature were also per- 
formed in the United States. Fewer propagules 
of fungi were found in soil supporting infected 
trees than in soil where apparently healthy ones 
grew (3, 287). The reverse was true for stylet- 
bearing nematodes -(3). 

Annosus root rot is more severe in well drained, 
sandy soils than in heavy or wet soils (181) 
and this may be explained by assuming that fungi 
in heavy soils exercise some form of competition 
or antagonism to F. annosus. This assumption 
is supported somewhat by the observation that 
fewer propagules of fungi could be found in the 
deep, sandy soils of the Sandhills than in those 
from the Piedmont or Coastal Plains of South 
Carolina (3). However, possible interactions be- 
tween F. annosus, other soil fungi, and nematodes 
have not been demonstrated. A limiting factor 
in such studies is the difficulty of determining 
whether trees are free of the pathogen. A tech- 
nique for determining which trees are not infected 
would be of great value in such studies. 

Annosus root rot causes very severe damage 
in some pine stands and seems to be affecting 
as many as 50% of the trees. However, inocu- 
lations of pines in stands did not always result 
in infection (285). In 1969, Kuhlman (152) 
reported that pine seedlings died when inoculated 
with beech blocks infested with F. annosus. When 
this method is used, young seedlings may be 
killed if temperature, treatment of seedlings, and 
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the handling of inoculum blocks are regulated 
carefully. This inoculation procedure is a valu- 
able tool which will facilitate many studies that 
previously could not be easily accomplished. 
Adaptation of this technique to inoculation of 
larger trees should be of great help in the future. 
Hodges (1238, 124) reported trees dying in 
the Sandhills of South Carolina 10 months to 
2 years after inoculation of adjacent stumps, but 
in the Piedmont area of South Carolina trees 
apparently do not die soon after they become 
infected. Pine trees lived at least 6 years after 
fruiting structures of F. annosus were found 
on them (298). Kuhlman (153) found that the 
fungus grew well on the outside of pine bark 
but decomposition of the bark was not great 
during the first 6 weeks of the 12-week study. 
He concluded that pine bark is an important 
barrier to the fungus. He also showed that seed- 
lings were not killed as readily when bark was 
not removed as when a section of bark was re- 
moved to the cambium (152). However, Hodges 
(123) pointed out that F. annosus grows through 
the bark scales of pine above the cambium. The 
fact that F. annosus fruits on the outer bark 
suggests that it grows through the bark to the 
exterior. It is still questionable whether the fun- 
gus penetrates the cells of outer pine bark. 


Laboratory bark study 


To determine whether F. annosus grows on 
outer pine bark, the outer bark was collected 
from loblolly, longleaf, slash, shortleaf (Pinus 
echinata) and Virginia (P. virginiana) pines. 
Five treatments included: (i) and (ii) bark 
and water; (iii) bark, 10 g glucose and water; 
(iv) bark, 10 g soil and water; and (v) bark, 
10 g glucose, and 10 g soil. The flasks were 
plugged with cotton and sterilized in an auto- 
clave for 20 min at 15 psi. To five flasks of 
bark of each species receiving treatments (ii), 
(iii), (iv), and (v) was added a 7-mm disk of 
malt agar with F. annosus growing on it. Flasks 
with bark from each species of treatment (i) 
were used as controls. After 3 months, F. an- 
nosus was growing on the outer bark of all five 
species. The fungus grew on the outer bark 
alone and on bark plus glucose; bark and soil; 
and bark, Soil, and glucose. These results were 
not different from those of Kuhlman (153). 

In an attempt to determine whether F. an- 
uosus grows through bark, a piece of bark on 


which fruiting structures were present was ex- 
amined. It was not possible to determine by 
visual observation how the fungus had reached 
the exterior. Therefore, in cross sections the 
bark was measured and marked off in 1-mm 
intervals from the base of the fruiting structure 
to the cambium. ‘Tissue samples were removed 
from beneath each mark and placed on a spe- 
cial agar medium (154). F. annosus was not 
isolated from the first 10 mm area behind the 
fruiting structure, but it was isolated from all 
but two of the remaining transplants. It was 
concluded that F. annosus grows in the bark as 
well as on it. 


Tree excavation study 


Although F. annosus can grow in the bark, 
it is not known whether it fruits on trees with- 
out invading the cambium and wood. From 


Fic. 27. A) Cross section of a 2l-em diameter root 
from loblolly pine tree infected with Fomes annosus. 
Observe resin-infiltrated, star-shaped portion of center. 
B) Cross section of a 17.5-em diameter root from F. 
annosus-infected loblolly pine. New growth around the. 
root partially covers the area of infection. 


plantations in the Clemson forest, 30 pines with 
fruiting bodies were excavated and the root sys- 
tems were examined to determine if fruiting 
structures form on some trees with the fungus 
in the bark only. In every case, F. annosus had 
invaded the wood of the tap root or a lateral 
root. Usually there were areas of heavy resin 
infiltration, sometimes star-shaped around the 
heart (Fig. 27-A). In several instances, there 
were evidences of healing-over of infected areas, 
but in one tree, which was infected 6 years be- 
fore excavation, healing of the ,infected area 
was clearly visible (Fig. 27-B). In no instance 
was the fungus living only as a saprophyte in 
or on the bark. From one of the trees F. an- 
nosus was isolated 60 cm above the root crown. 
Although the rot was found 180 cm above the 
root crown in a previous study (298), no at- 
tempt was made to isolate the fungus at that 
height. The rot does not usually extend far up 
the stem of southern pines. 


Pine regeneration study 


Ross and Hodges (262) indicated that seedling 
mortality could be a serious problem in pines 
planted on sites heavily infested with F. annosus. 
However, Kuhlman and Ross (155) later ob- 
tained evidence that in the southeast United 
States the problem might be minimal. In 1965, 
a 5-year study was begun on a 50-acre, 26-year- 
old slash pine stand near Aiken, S. C., that was 
heavily infested with F. annosus. The study 
was conducted at the Savannah River Plant 
(AEC) under Contract AT(38-1)-228 between 
the United States Atomic Energy Commission 
and Clemson University. Five treatments in- 
cluded: (i) control (no cut or treatment), (ii) 
cut and remove all trees and seed longleaf pine 
directly, (iii) cut and remove all trees and trans- 
plant l-year-old longleaf pine, (iv) cut and re- 
move all trees and transplant 1-year-old slash 
pine, and (v) cut and remove all trees and seed 
slash pine directly. After the first year, the 
percentage of mortality was greater in planted 
than in seeded trees, and F. annosus was isolated 
more frequently from the roots of planted than 
seeded trees. In slash pine, seedling mortality 
caused by Cronartium fusiforme was probably 
more important thatthat caused by F. annosus. 
During the first 5/years, F. annosus was asso- 
ciated with dead tiees in 2.4%. of seeded long- 
leaf pine, 8% of the planted longleaf pine, 8% 
of the planted slash pine, and 5.5% of the seeded 
slash pine. At the beginning of the study, the 
control plots had many dead trees, but after 
the trees around the l-acre plots were removed, 


dying in these plots was very limited. The fac- 
tors contributing to the change were not deter- 
mined. 

Germination of seeds was not considered in 
the above study, but in the seeded longleaf pine 
plots the trees were very scattered. Seed ger- 
mination in infested soil was questioned. F. an- 
nosus was grown for 30 days on sterile saw- 
dust prior to placing seed of shortleaf pine (sur- 
face sterilized and nonsterilized) in the sawdust. 
No seeds germinated. Seeds and F. annosus were 
added to the sawdust at the same time and some 
of the seeds germinated, but all the seedlings 
died within a few weeks. Natural regenera- 
tion in infested soils should be studied further. 

Some control practices for annosus root rot 
were developed in recent years. Sinclair (272) 
in New York, and Driver (78) in Georgia found 
borax (sodium tetraborate decahydrate) to be 
effective as a stump protectant. Borax is used 
as a control practice in high hazard sites that 
have not been previously thinned or where an- 
nosus root rot is not established (124). A hazard 
rating system was developed by Morris and Fra- 
zier (181) by which sites likely to be severely 
damaged could be determined. Ross and Driver 
(261) found that thinning during the summer 
may appreciably reduce infection by F. annosus 
in southern areas where air and stump tempera- 
tures attain levels above the mycelial thermal 
inactivation for periods of 2 hr or more. 

Present control practices for annosus root rot 
in the southeast United States include a hazard 
rating for pine stands (181), use of borax on 
stumps in stands not already infested (124), and 
summer cutting (261). The hazard rating sys- 
tem provides a quantitative evaluation of the po- 
tential losses from F. annosus in a given stand. 
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The other two practices are based on the hypo- 
thesis that the fungus usually enters through cut 
stumps (79, 122) and spreads from them to 
healthy trees through the root systems. How- 
ever, exceptions to this were reported (120). 
How important these exceptions are is not yet 
known. 


Discussion , 

There seem to be two types of reactions of 
trees to F. annosus. In one case, the affected 
roots and stem become infiltrated with resin and 
the tree dies while standing and remains stand- 
ing. This may be an example of the fungus 
killing the tree by the production of a toxin. In 
the other reaction the affected roots rot, and 
after the tap root becomes weakened and rotted, 
the tree falls (usually during a heavy wind), but 
it remains alive until the roots dry out. Varia- 
tion in reaction to fungus invasion suggests that 
more than one mechanism may be involved in 
the killing of trees. A toxin, fomannosin, found 
by Bassett et al. (22) at North Carolina State 
University at Raleigh in cultures of F. annosus, 
may be responsible for one mechanism. This 
toxin was not detected in naturally infected trees, 
decayed stumps, or inoculated roots. 

Although much research was done, and some 
practical controls are available, there are many 
questions about annosus root rot that were not 
answered. Research on many problems in rela- 
tion to this disease should produce interesting 
results in the future. Further study is especial- 
ly needed on (i) the effects of various factors 
on inoculation and infection of pine, (ii) the 
range of time and mechanisms involved in the 
killing of trees by the fungus, and (iii) the pene- 
tration of host tissues during entrance and exit 
of the fungus. 


